Municipalities introduced unit-based pricing (UBP) with the aim of achieving a decrease in household waste generation and for the replacement of unsorted waste with recycling. Although many studies have shown that UBP has a short-run effect on recycling, few works have tackled the long-run effect on waste generation and recycling. By using panel data for 665 Japanese cities over 8 years, we examine the long-run effect of UBP on waste generation and recycling. The estimation results in waste generation suggest that there is a rebound effect, though a small one. We confirm that the effect of UBP on recycling sustains for the long run. We also find that the short-and long-run responses to an economic incentive for recycling activities differ with income groups. Recycling among the high-income group has not been promoted by implementation of UBP, but people in that group are willing to participate in recycling without an economic incentive. In contrast, recycling activity within the low-income group is strongly motivated by UBP for many years.
Introduction
The unit-based pricing (UBP) of residential solid waste collection has been implemented in many parts of the world, including municipalities 1 in the United States, the EU, and South Korea (OECD, 2006) . This also applies to Japan, a country with limited space for landfill waste, where its Ministry of the Environment has encouraged and supported municipalities to introduce UBP. 2 Expecting to achieve waste reduction and the substitution effect of recycling, the proportion of municipalities introducing UBP increased from 50% to 78% between 1999 and 2009 (Ministry of Environment, Japan, 2001, 2011). However, several years after the introduction of UBP, some municipalities reported an increase in waste generation over what was generated during the first year of the introduction of UBP. This paper focuses on the long-run reduction and substitution effects of UBP.
Government and municipality officials in Japan suspect there is a long-run reduction effect connected with UBP, though they keep encouraging its introduction. The Ministry of Environment added a caveat against UBP, saying "We are concerned about the erosion of the reduction effect after a few years have passed, because people become less and less sensitive to the price burden and do not attempt to reduce their waste. In order to retain the reduction effect, it is efficacious to supply information to citizens to help their understanding" (Ministry of Environment, Japan, 2007, p. 41 ). 3 Yamaya (2007) also points out that municipalities need to take additional steps to promote waste reduction after they introduce UBP.
Many municipalities hesitate to introduce UBP because they believe that, even if a bag price is introduced, a rebound will occur within a couple of years. For example, Nagano City stated that, "Since the introduction of UBP, we continuously check the reduction effect and take steps to prevent the rebound effect" (Nagano City, 2007, p.4) . Otsu City maintained that "Rubbish generation increased by 1.1 times that of the previous year. In the examples of other cities we see a continuous gradual increase in a waste rebound under UBP" (Otsu City, 2011, p.1). However, these claims do not seem to be based on conventional statistical analysis.
In spite of the anxiety expressed by municipalities, the rebound effect of UBP has not received much attention in previous studies on the economics of household waste management. For example, among the studies reviewed by Kinnaman (2006) , most of them used cross-sectional or panel data gathered for less than three years and focused on the short-run effect of UBP. Policy evaluation based on these estimates will be misleading in the long run, if there is any possibility of a rebound effect. A few studies have addressed the long-run effect of UBP (Amano et al., 1999; Yamakawa and Ueta, 2002; Linderhof et al., 2001; Dijkgraaf and Gradus, 2009 ), but they have shortcomings with regard to geographical coverage of data or econometric 1 In Japan a municipality is defined as a village, town, or city. 2 Japan's direct landfill rate was only 11% in 1995, the lowest among OECD countries. Compare this figure with, for example, 57%
in the USA and 83% in the UK (see OECD 2008, p.16) . In Japan municipal solid waste is mainly dealt with by having households first separate out recyclable materials and then incinerating what is left, thus reducing the volume of waste. 3 This manual is distributed to all municipalities in Japan. This is our partial summary and translation of the caveat.
techniques, as we will see more precisely in the next section.
Our study adds to the contributions of earlier literature by estimating the long-run price effects in UBP, paying careful attention to the problems of sample representation and endogeneity. We estimate the long-run reduction effect using figures on the municipal solid waste of all Japanese cities, obtained through a panel data set. We also test the long-run effects of UBP with respect to waste reduction and recycling. Note that UBP has been adopted not only to encourage households to reduce overall waste and reallocate waste from the unsorted waste pile to the recycling pile, but also to make people continue these activities over the years. Also, the long-run effect of UBP might be different between income groups, since there is a difference in opportunity cost of time and environmental awareness. To sum up, our research goal is to 1) test whether or not there is a rebound effect in waste generation; 2) test for a rebound effect in recyclable waste collection; and 3) test for a rebound effect between different income groups.
The paper is organized as follows. The next section explores previous relevant literature on estimation of the short-run and long-run effects of UBP, and it clarifies their relation with a rebound effect. Sections 3 and 4 describe the econometric model employed and the type of data used, respectively. Next, Section 5 presents a detailed report of the estimation results. In Section 6 we go on to discuss the long-run effect of UBP in different income groups. The final section contains the concluding remarks.
Relevant Literature
Before summarizing the relevant literature, in Subsection 2.1 we first explain the short-run and long-run effects of UBP as well as the rebound effect, and clarify their mutual relationships. In Subsections 2.2 and 2.3 we summarize previous studies of short-run and long-run effects, respectively, concluding the latter with a statement of our research goal: to clarify whether a rebound effect occurs or not.
Explanation of short-run, long-run, and rebound effects
The short-run effect of UBP means the price effect of UBP relative to waste generation over only 1 year (month), estimated by cross-section or panel data analysis, while the long-run effect, over a longer period of time, is almost always estimated by panel data analysis, and very rarely by cross-section analysis. 4 A rebound effect that is part of a long-run effect can be defined as an effect of UBP in the long run that can be attributed to the UBP, not some other cause. Figure 1 gives a simple illustration of the rebound effect, with the amount of waste per capita in the vertical axis and time in the horizontal axis. In this figure, we assume that there is a positive time trend in waste generation. When UBP is introduced at time t 1 , the amount of waste decreases from r 0 to r 1 . The vertical distance between r 0 and r 1 can be regarded as the short-run price effect. 4 To our knowledge there are no studies of time-series analysis.
A few years after the introduction of UBP, waste generation per capita might seem to increase and approach the level before the introduction. This may not necessarily be a rebound effect, since there might be a positive time trend in waste generation. As long as the predicted waste generation (the dashed line) and realized waste generation (the solid line) run parallel, there is no rebound because the increasing tendency cannot be attributed to the effect of UBP. But if the slope of the latter is greater than the former, there is a rebound effect. To detect the effect, it is necessary to consider the impact of UBP on waste reduction under the ceteris paribus condition, for example, by controlling the varying waste composition with the age structure of residents or with an increase in consumption during the period. On the other hand, if waste generation decreases below the dashed line in Figure 1 , we define this as an inverse rebound effect. Different rebound effects in the long run arise because of a mixed effect of negative and positive changes in citizens' behavior. An example of a negative effect is awareness erosion: the effectiveness of UBP erodes over time if households get used to paying for waste and revert to their old behavior (Dijkgraaf and Gradus, 2009 ). Another example is "Seattle stomp", a term coined when Seattle residents responded to a unit-pricing program by compacting garbage into fewer bags (Fullerton and Kinnaman, 1996) . An example of a positive effect is the learning effect, whereby citizens gradually learn how to reduce general waste by sorting out recyclable objects and choosing goods with less packaging.
Short-run studies
There is a considerable amount of empirical literature on waste reduction through UBP in the short run. Notably, there has been an increase in studies on the practice of separating recyclable objects from waste, which has provided an incentive to UBP (e. easily address the inconsistency of the self-selection bias by controlling for the unobserved intrinsic effect using the fixed-effect model and the random-effect model. They separate out the effect of environmental activism, which stems from the differences in citizen's concern about the waste problem.
Long-run studies
There have been fewer studies of the long-run effect of UBP. In Japan, Amano et al.(1999) and Yamakawa and Ueta (2002) examined the long-run reduction effect of UBP. The former analyzed four municipalities that introduced UBP and compared waste generation per capita for several years before and after the introduction of UBP. They concluded that two municipalities increased waste reduction after the year in which UBP was adopted, but they did not clarify why waste generation increased in their municipalities. Since they defined the rebound as the difference between waste generation per capita before and after UBP, that rebound effect may be partially due to the factor of demographic change, such as greater income or changes in the waste items collected.
To analyze the long-run effect of UBP properly, demographic change needs to be controlled. Yamakawa and Ueta (2002) also tried to clarify the long-run reduction effect of UBP by using cross-sectional data at the municipality level. Their estimation strategy was to divide the price variable into two groups, depending on the number of years elapsed after the introduction of UBP. Controlling the other demographic factors, they found that the price effect lasts more than 10 years on average. However, they have a problem of identification in terms of two variables: magnitude of bag price and number of years elapsed, because they used a dummy taking the value 1 if the municipality introduced UBP more than T years earlier, and 0 otherwise. As a result, their long-run reduction effect contains an effect of price and an effect of years passed. A more serious problem is the endogeneity problem discussed in the subsection on short-run studies. To sum up, these long-run studies have some serious problems, such as sample representativeness, uncontrolled demographic change, and the endogeneity issue.
Some studies used a panel data analysis to estimate the long-run effect while avoiding such problems. Linderhof et al.(2001) is the first study that used a panel data set to estimate the effect of UBP. They used panel data for all households in a Dutch municipality in order to estimate the short-run as well as the long-run price effects through weight-based pricing (WBP) for the amounts of both compostable and non-recyclable household waste. They found evidence that the long-term price elasticity was 30% more elastic than its shortterm counterpart; moreover, they concluded that the long-term effect of WBP in compostable waste would sustain in the future. They explained that the introduction of WBP boosted people's environmental awareness, and people composted waste rather than putting it out on the curbside.
The study by Dijkgraaf and Gradus (2009) presumed a long-run effect with regard to total waste, unsorted waste, compostable waste, and recyclables using the panel data of municipalities on The Netherlands. They specified the continuity of reduction by applying a dummy variable, as Yamakawa and Ueta (2002) had; that is, 1 for all years for each municipality that introduced a UBP system in year t. Moreover, they estimated the environmental activism effect, and it was decreasing over time, which means the most environment-friendly municipalities implemented UBP or WBP pricing systems the earliest. In addition, they showed that the volume effects of the different UBP systems were rather stable over time. These 2001 and 2009 studies are summarized in Table 2 . their study may have a problem of randomization bias. 6 Oostzaan, which they chose as the survey field, was the first municipality to introduce WBP in The Netherlands. This can be a source of bias, since households in that setting are more eager to cooperate in waste reduction; there could be endogeneity in choosing the WBP policy. 7 This would lead to long-run estimates tending to be upper-biased because Oostzaan citizens may be more environment-conscious. A third problem concerns the validity of dynamic panel analysis: the approach is valid only when the price changes frequently, yet to our knowledge the price seldom changes once a pricing system starts. 8 Therefore the elasticity of their estimates may be overestimated.
Dijkgraaf and Gradus (2009) showed the long-run effect of WBP and UBP by means of dummy variables. To use dummy variables for the 5 Attrition bias refers to systematic differences between the treatment and control groups because of differential losses of participants.
For further details about social experiment, see Levitt and List (2009) . 6 Randomization bias in social experiment is a situation in which the experimental sample is different from the population of interest because of randomization (Levitt and List, 2009 ). 7 Linderhof et al. (2001) said that "The largest political party in Oostzaan is Groen Links (Green Left), which is the most environmentally orientated political party in The Netherlands." 8 In Japan the bag price introduced in 1995 stayed unchanged up to 2002 in all the municipalities where it was introduced.
pricing period is not good because it mixes together the effect of the price dummy and the effect of the year dummy. So they cannot separate the price effect and the long-run effect.
Note that we have been referring to previous studies with regard to short-run and long-run price effects.
Short-run studies have mainly been interested in detecting evidence of the substitution effect of UBP, using techniques for overcoming the endogeneity problem; however, few studies have focused on examining the source-reduction effect of UBP. Long-run studies have mainly been interested in identifying the number of years for which the waste substitution effect continues.
Our estimation strategy is to use a method for testing the Environmental Kuznets Curve (EKC) hypothesis.
This enables us to interpret the results, both short-run and long-run, simultaneously. Using panel data, we can separate the effect of the price level of UBP and the effect of the number of years elapsed.
We also consider the problems of previous studies, such as Linderhof et al.(2001) It is also important to point out that this paper is the first study to clarify why the long-run price effect, including the reduction and substitution effects, continues or not. In particular, we compare the difference in long-run effects between income groups. Because of differences in opportunity cost of time or environmental awareness, there might be heterogeneity in their rebound effect.
In the next section we explain the estimation method used to identify the short-run and long-run price effects.
Estimation Strategy
In this section we show our strategy to estimate the short-run and long-run reduction and substitution effects of the UBP policy to affect household demand for a waste collection service. We employ a regression model of a panel data analysis, and apply a fixed-effect model. By doing this we can correct the bias caused by an omitted variable, such as the introduction of a price and a recyclables collection, which have been perceived as being endogenous in cross-section models. 9 First of all, we need to split the short-run and long-run effects of UBP on waste collection. We define the explanatory variable, ln p, as the natural log of bag price per bag or tag (yen per 40-50 liters bag), and y 9 A fixed-effect model is not free of problems. Another type of endogeneity problem might arise if there is spatial dependency in the introduction of the waste policy. To correct this bias, Allers and Hoeben (2010) have treated the spatial auto-correlation. We know the importance of such a treatment, but we cannot apply that estimation method. Since we use only city-level data, the adjacency relation among municipalities is imperfect. Our study is, therefore, obliged to abandon the correction of spatial autocorrelation. However, municipal fixed effects may partly mitigate this type of endogeneity problem.
represents the number of years that have elapsed since the introduction of UBP, which is important to detect the short-run and long-run reduction effects because they are believed to be dependent on the years that have elapsed since the introduction of UBP. To capture the dynamic effect of UBP, we borrow the method used to test empirical evidence for the existence of an Environmental Kuznets Curve (EKC) hypothesis (Dinda, 2004) , and introduce interaction terms of ln p times y and ln p times y squared. We define the demand for a waste collection service and assume a double log model as follows:
where the dependent variable, ln w s , is the natural log of the amount of s types of waste per capita per day (gram), whose s is total waste, unsorted waste, or recyclable waste; Z is a vector of other demographic variables that have an influence on waste generation. Further, the subscripts i and t indicate the municipality and the time,
respectively; a and λ are the unobserved heterogeneity that is invariant across time and cross-section change, respectively; β and γ ′ are parameters and a parameter vector, respectively, in this linear model. We assume the error term u is normally and independently distributed with mean as 0, and variance σ 2 .
If we partially differentiate ln w s with respect to ln p in equation 1, we get the price elasticity of demand for s types of waste collection service, ϵ,
Note that this elasticity depends on the number of years and its square. We can give a diagnosis using estimated signs of parameters. For further details, see Appendix A. For example, there is a rebound effect of waste reduction if the signs of parameters are a case (iii) in Appendix A, such as (β 1 < 0, β 2 > 0 and β 3 = 0),
The rebound effect can be attributed to awareness erosion or phenomena like "Seattle stomp." Awareness erosion occurs when the effect of UBP erodes over time if households get used to pricing waste and go back to their old behavior (Dijkgraaf and Gradus, 2009 ). "Seattle stomp" is a well-known phenomenon wherein people densely compact their waste to reduce the number of bags they have to pay for, thereby increasing the bulk density of waste per bag (Fullerton and Kinnaman, 1996) .
To judge how shapes validate in the long run, an F -test and t-test are applied to estimated parameters. We confirm them in Section 5.
Data
In this section we define the dependent and other demographic variables and then explain our panel data.
Definition of the Dependent Variable
We want to clarify the short-run and long-run effects of waste reduction and waste recycling by citizens. To examine this, we focus on different types of waste, namely total waste, unsorted waste, and recyclable waste.
We use the amount of these three types of waste per capita per day as our dependent variable. 
Total waste generation

Other Demographic Variables
Our other demographic variables consist of: income per capita, population density, household size, age structure, and other price dummy. lnPopd represents the population density (persons/km 2 ). This variable will be a proxy of housing space, since it is more difficult to stock recyclable waste in a smaller house. lnIncome represents taxable income per capita (in 1995 Japanese yen). They can be regarded as a proxy for the amount of consumption and time cost to work on waste separation. lnFamily, the household size, may include a scale merit of consumption, because a large household size will decrease per capita consumption of shared goods such as newspapers, and therefore waste generation. Further, Under 4 and Over 65 represent the ratios of population in each municipality under age 4 and over age 65, respectively. D otherprice is a dummy variable for other types of UBP. We cannot introduce educational variables that become a proxy for the intelligence of citizens, because such data is unavailable. Monetary variables, p and Income, are needed to control for the effects of inflation or deflation. We adjust for inflation using the FY 1995 consumer price index.
Data Sources
We merged three categories of municipal panel data: 1) waste data, 2) bag price data, and 3) demographic data. First, we used data on 712 cities taken from data on 3200 municipalities provided by the Japan Waste The descriptive statistics and the definitions of the variables are presented in Table 3 . A total of 712 cities are used as the population for this study. We have used eight years of data, from FY 1995 to 2002. This is because data on waste generation became available after 1995 and there has been a considerable increase in municipal mergers after 2002. Excluding missing values, we used 665 (cities) × 8 (years) unbalanced panel data for estimation.
Estimation Result
We estimate Equation (1) by applying the panel model. In our discussion of the estimation results, we only consider the fixed-effect estimates. 11 Standard errors in the fixed-effect model are corrected for heteroscedas- 10 The currency exchange rate is as follows: 100 Japanese yen equals approximately 1 euro. 11 We carefully chose our panel model from among three models: pooled OLS, fixed effect, and random effect. We employed systematic model selection, lest the wrong model generate inconsistent estimates. We also employed the F -test, the Breusch-Pagan Lagrange Multiplier test (BP test), and the Hausman test (see Hsiao, 2002) . Our test strategies were: 1) to choose between the pooled ticity. Table 4 shows our estimation results. First, we show the test result of the long-run effect. The estimation result indicates that long-run elasticity was gradually eroding in total waste and unsorted waste, while an inverted U-shaped relationship was found in recyclable waste as more and more years elapse after UBP's introduction.
First of all, we consider the three price variables: ln p, y× ln p, and y 2 × ln p. Since F -statistics in total waste, F (3, 664) = 21.2, are sufficient to reject the null hypothesis, H 0 : β 1 = β 2 = β 3 = 0, at the conventional level of significance, we reject it. Likewise, F -statistics in unsorted waste, F (3, 664) = 25.4, and recyclable waste, F (3, 664) = 10.6, are also statistically significant.
Next, we examine which combination of the coefficients in Appendix A fits the data. Since the estimated result shows β 1 < 0, β 2 = 0, and β 3 > 0, there is a monotonically increasing relationship between longrun elasticity and number of years elapsed: the more years that pass after the introduction of UBP, the more the waste reduction effect erodes. These results mean there are rebound effects with respect to total waste and unsorted waste, which may be interpreted as caused by UBP, "Seattle stomp," or awareness erosion. Meanwhile, the long-run price elasticity in recyclable waste shows a U-shaped relationship between ∂ ln w/∂ ln p and y.
This implies that the long-run elasticity of recyclable waste seems to gradually decrease for up to 12 years, then gradually increase. This suggests a mixed effect: that the learning effect becomes stronger than awareness erosion in the long run. These results suggest that recycling is successfully promoted by adoption of UBP and a recycling law, while reduction of total waste generation is weak because UBP seems ineffective in changing people's purchasing behavior. Dijkgraaf and Gradus (2009) also suggest that the reduction effect of total waste sustains over 7 years.
The estimation results of demographic variables are given in Table 5 . In summary, we find that models on total waste and unsorted waste have the same signs for all variables. The explanatory variable population OLS and fixed-effect models, we applied the F-test; 2) to choose between the pooled OLS and random-effect models, we applied the BP test; 3) to choose between the fixed-effect and random-effect models, we applied the Hausman test. In the end we selected the fixed-effect model. density does not have a significant effect for any equation. The coefficients of income per capita (lnIncome) are statistically significant at the conventional level of significance and positive in total waste and unsorted waste equations. The variable is affected by many channels: (1) it is a proxy for the opportunity cost of time (negative relation with waste generation); (2) it is a proxy for the amount of consumption (positive relation with waste generation); and (3) it might be a proxy for the level of education level. 12 Due to these combined channels, the sign of the coefficient is positive in total waste and unsorted waste equations. The average household size in each city, lnFamily, is not significant for any equation. As suggested in Callan and Thomas (2006) , the coefficient of the average household size lnFamily is negative, but our result is not statistically significant. The ratio of the population variable Under 4, is significant and negative in all equations. The coefficients of Under 4 for total waste and that for recyclable waste are both negative signs. This result suggests that households with children under age 4 are relatively better at waste reduction than at recycling. The ratio of the population variable Over 65 is significant in all equations, and negative in the total waste and unsorted waste equations but positive in the recyclable waste equation. This result suggests that retired people may have considerably more free time and can therefore reduce waste and separate out recyclable waste objects.
Dummy variables of recyclable materials capture the effect of a recycling policy independent of any economic incentive produced by UBP. We find the coefficient of the collection dummy for plastic containers is statistically significant and negative in total waste and unsorted waste. This effect may be of interest to public administrators. It means that there is a voluntary reduction effect in total waste, because people reduce their purchases of, or refuse to purchase, plastic containers and packaging, even without an economic incentive, while in unsorted waste, this effect is interpreted as the result of reduction and substitution effects. In the equations of recyclable waste, we find all collection dummy variables except PET bottle are statistically significant and positive. These results can be interpreted to mean that there is evidence of a willingness to contribute to recycling activities. D otherprice is a dummy variable for the introduction of other types of a variable pricing scheme; it is significant in recyclable waste.
All the year dummies are significant and positive in total waste and unsorted waste (compared to the baseline of Year 95), but not significant in recyclable waste collection. These results suggest a trend toward a gradual increase in waste generation, while recyclable waste is constant in comparison with the flow of waste generation. To sum up, our results show that there is a rebound effect in waste generation, but the size of the effect is considerably small.
Discussion
In this section we focus on income level as a possible factor affecting waste generation and recyclable collection in different ways, in the short and long run, because these activities may be affected by opportunity cost, or education level, as discussed in the variable of income per capita in Section 5. It is plausible that those who earn a high income do not respond to the bag price with activities aimed at recycling, because time cost may be relatively higher. On the other hand, those who earn high incomes have a higher level of education, so they may be willing to join such activities. In order to check this, we divide our sample into high and low income based on the median income in 2002. We use the same estimation model described in Section 5 and apply it to each income group. To sum up the estimation results: the high-income group responds to the bag price through waste reduction activity (both short-and long-run), but not through recycling activity, while the low-income group prefers recycling activity over the long run, but does not continue waste reduction over the long run.
In Table 5 the first, third, and fifth columns are the coefficients and standard errors of the high-income group, and the second, fourth, and sixth columns show those of the low-income group. 13 The results for the total waste and unsorted waste equations are basically the same as those of Section 5. We do not find a large difference between the two income groups. The estimated result shows β 1 < 0, β 2 = 0, and β 3 > 0. This means that there is a monotonically increasing relationship between the long-run elasticity and the number of years elapsed. However, in the equation of recyclable waste (the fifth column), people who earn a high income do not react to a bag price by sorting out recyclables in the short run and do even less recycling in the long run. This is interpreted to mean that high-income people consider that the opportunity cost of time involved in recycling activity is more expensive than paying the bag price, and so they do not react to the bag price.
Low-income people, on the other hand, are price elastic in the equation of recyclable waste (the sixth column), because their opportunity cost is relatively smaller than that of high-income people.
Apart from the price effect, we consider the dummy variables for recyclable waste collection. The coefficients for all recyclables except PET bottles are statistically significant. This means the high-income group voluntarily sorts recyclables regardless of the short-and long-run effects of bag price. This is important, because the evidence shows a willingness to contribute to recycling. For the low-income group, however, only the coefficients for metal cans and glass collection (sixth column) are significant. These items were being collected before UBP was introduced in most city, and people are used to collecting them without any economic incentive. Therefore, UBP is effective for the low-income group to induce them to collect and separate other recyclables in terms of both the short run and the long run.
To sum up, our estimation results suggest that responses to recycling activities differ between income groups. For the high-income group, the activity of recycling has not been promoted through an economic 13 The number of observations are different between models because of missing values.
incentive; they are voluntarily willing to start recycling. In contrast, recycling activity on the part of the lowincome group is strongly motivated by the implementation of UBP, and they continue their recycling activity for years, stimulated by the economic incentive in the form of UBP.
Conclusion
This paper suggests the effect of UBP on waste reduction and recycling lasts a considerable number of years.
Our study expands the findings of previous studies in two directions. First, we can estimate the long-run elasticities of total waste, unsorted waste, and recyclable waste. The estimation results show a monotonically increasing relationship, which implies that long-run elasticity gradually erodes over time, but the size of the effect is very small. The long-run elasticity of recyclable waste is an inverted U-shape, with a turning point 12 years after the introduction of UBP, but the curve is also almost flat. For this reason we conclude that the long-run effect is almost the same as the short-run effect. Second, we examine the long-run effect of UBP between income levels and find differences in income do affect the long-run substitution effect, and that the low-income group responds to UBP by contributing to recycling activity.
Our results have significant policy implications. First of all, the rebound effect is very small and so it can be ignored. Second, the substitution effect is stronger for the low-income group in both the short and long run, so adoption of UBP will be effective for municipalities with a large low-income population. Third, while the high-income group does not care about economic incentives, they voluntarily contribute to recycling efforts wherever a system of recycling is in force. These second and third policy implications suggest that a mix of UBP and recyclable waste collection policies complement each other, since their effects differ between income groups. They suggest that we need a different public relations strategy for different income groups if we wish to promote waste reduction and recycling.
A Testing the Long-Run Effect
Partially differentiating ln w with respect to ln p, we get
This equations indicates the price elasticity of demand for total/non-recyclable/recyclable waste, ϵ, which depends on the number of years and its square.
Here, to test the long-run reduction effect, we partially employ the method used by Dinda (2004) (iv) (β 1 < 0, β 2 < 0 and β 3 = 0), (β 1 < 0, β 2 = 0 and β 3 < 0), or (β 1 < 0, β 2 > 0 and β 3 < 0).
A monotonically decreasing relationship between ∂ ln w/∂ ln p and y. This implies that the long-run elasticity is gradually increasing.
(v) (β 1 < 0, β 2 < 0 and β 3 < 0). An inverted U-shaped relationship between ∂ ln w/∂ ln p and y. This implies that the long-run elasticity is gradually decreasing up to a certain period and gradually increasing after that period.
(vi) (β 1 < 0, β 2 < 0 and β 3 > 0). A U-shaped relationship between ∂ ln w/∂ ln p and y. This implies that the long-run elasticity is gradually increasing up to a certain period and gradually decreasing after that period.
Rebound effect
Inverse rebound effect 
